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INTRODUCTION 


The following paper describes underground mining practices of the River- 
side Cement Co. of Los Angeles, Calif., in the Stanley limestone deposit at 
Crestmore, tiverside County, Calif. It is one of & series of papers being 
prepared for and published by the United States Breau of Mines on mining 
methods and costs in tne various mining districts in the United States. 
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HISTORY 


For & nunber of years before this project was begun, the Riverside Cement 
Co. had been obtaining raw material for its cement mill at Crestmore by sur- 
face mining. Underground mining had not been considered possible in this dis- 
trict for the recovery of cement materials, as it was considered that the 
deposits did not extend to deptn; anc even though assumptions mignt have been 
made that they be continued uncerground no methoc of extraction had been de- 
veloped which vas commercially feasible. The demonstration that limestone can 
be mined at low cost by a caving method constitutes a new departure in mining 
practice, ard as far as knowm the method used at Crestmore is not employed 
elsewhere in mining nonmetallics. 


1 The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote ackmowledzgment is used: "Reprinted from U.S.Bureau of 
Mines Information Circular 6795." 

2 One of the consulting engineers, U.S.Bureau of Mines, and mine superintend- 
ent, Riverside Portlana Cement Co., Crestmore, Calif. 
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Surface limestone deposits of considerable extent are owned by the com- 
pany, but those directly adjacent to the cement mill were no longer suitable 
for economcnt mining by opencut methods. .* 


the success that had been attain d by caying methods in the Ray and 
Globe-Miami districts of Arizona, upon copper deposits of thickmess similar 
to that of the Stanley limestone bed incicated that underground mining should 
be feasible at this deposit, if it was continuous below the surface. As the 
deposit is directly adjacent to the present mill; trausportation costs of raw 
materials from the more distant surface reserves of the company would be elin- 
inated, Therefore, a mining program was considered that would fulfill the 
maximum requirements of the cement plant on the basis of operating two 8-hour 
soifts. | ee ae at 


No underground development work had been pursued in the beds of limestone 
edjacent to the mill before present mining operations were begun; neither had 
any prospecting work been conducted, other than that required for surface op- 
erations. However, surface indications and the geology of the deposit as 
progressively disclosed by quarrying Showed that the Limestone mizht be con- 
tinuous for a considerable depth below the surface. This assumption would 
have to be apices by... sence cera before the ee DEQIECY. was actually 
undertaken. : . | 


GHOLOGY 


 - Quarrying had indicated that tro beds of metamorphosed and recrystallized 
limestone existed in the vicinity of tlie cement plant; both. ucatne to be 
susteptible to mining by @ caving method. (See fig. 1. )~ B Weaneca. 


The two beds are separated. by a body of intrusive rock ‘thick enough to 
allow the larger and lower bed to be mined for-a considerable number of years 
without interfering with later extraction of the upper and smaller bed. 


From surface indications it aopeared that both deposits dipped slightly 
north of east at an angle between 45° and 559. The larger deposit, called the 
Stanley bed, had been shown by surface operations to be approximately 270 feet 
thick at right angles to the dip. It had been uncovered for.over..1,600 feet 
in the surface quarry. The limestone is coarsely crystalline, generally 
White, and’ suitable for the manufacture of cement. . The hanging and f-oottalls 
of the ‘limedtone beds are a coarse-grained, gray, quartz eranodiorite or 


granite ‘of texture suitable for mining operations and of a chemical composi- 


tion that makes both mterials ideal for supplying the necessary "clay" ele- 


“ment for. blending with limestone in the manufacture: of cement. 


All limestone deposits in this vicinity undoubtedly . are: remants of 


. what.was once @n extended mass, which has been broken up by {gneous intru- 
ploht, raised and tilted to various angles, faulted, and later eroded by 


‘surface agencies. In general, the beds or lenses of limestone are regular 
in formation, with their greatest thickness at their centers. From surface 


"An atcations they appeared to. taper to blunt points on the strike at the ends 


of the uncovered areas. They were later proved to aa on the dip under- 
ground. . o , 
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The Stanley bed, @s uncovered at the surface, is fissured by minute 
watercourses and slightly faulted and: fractures, apparently as a result of in- 
trusions in this area. It was believed that if the larger massive blocks in 
the devosit were as brittle &s the surrounding mterial, the deposit would be 
suitable for mining by a uodified block-caving system; and that the quantity 
of broken and fissured material would be continually increased by the crushing 
action created by caving. It was assumed that this crushing action would | 
fracture the part of the deposit that appeared upon first observation to be 
massive. 


. PROSPECTING AND SAMPLING 


The location of the deposit, together with surface operations which had 
been pursued for a number of years, allowed & prospecting program by diamond 
drilling that would obtain enough informtion for conclusive determination 
with @ minimum of work. Wherever conditions would allow, vertical diamond- 
drill holes were located and drilled according to & coordinate system that had 
been laid out covering the SepORT es 


The Stanley bed was found by diamond drilling to be continuous in a north 
and south direction, terminating at each end in @ blunt formation, as Surface 
indications intimated, This bed appeared to flatten at greater depth, increas- 
ing slightly in thickness. Further diamond drilling east of the surface 
workings proved that both the upper and lower deposits were uniform and con- 
tinuous in the direction of tke dip. Samples obtained from this diamond drill- 
' ing furnished information as to the quality of the deposits, which was found 
to be satisfactory for manufacturing cement. In general, the core recovery 
“was satisfactory; and where the core was lost due to the friable nature of the 
“material being drilled, it was assumed that the missing core was pure lime- 
stone. This assumption has been checked closely from underground operations 
and found to be correct to date. No sludge samples were ovtained during drill- 
_ing due to the porosity ne the limestone and ie a z038 of water and 
drill cuttings, 2 


Since the commencement of mining Gaderecound ': Senbatine long-hole drill 
has been used for prospecting to determine contacts, to vrove deviations in 
the direction of the deposit, and to obtain samples. Tais drill is mounted on 
@ special shell and uses 1-1/4-inch-diameter hollow-round steel upset to 1-1/2 
inches at the threaded couplings; it has a special water connection in front 
of the maciine to provide vatcr for drilling. It has been found possible with 
this equipment to drill holes in any cirection exceeding 100 feet in depth. 
The chief disadvantages in the use of this drill are the loss of cuttings due 
to the formation being porous and to the fact that the rock being drilled my 
‘be 80 abrasive hc the clearance of the driit is lost before mich advance is 
attained. , 


ESTIMATES OF MATERIAL IN PLACE 


As diamond drilling progressed toe information obtained was plotted on 
"* both: ‘horigcntal ‘and ‘vertical sections, the latter running north and south and 
east and west.- These sections disclosed that the two beds of limestone were 
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- dpparently continuous in’ ‘all directions within the limits of the beds, and 
sho'-ed that’ the Stanley deposit increased in thiclmess and length at lower 
elevations. 


A tentative layovt of ‘the ‘proposed. mining method had previously deter- 
mined that, the first extraction elevation would be aoproximately 185 feet be- 
low the surface’ or old quarry floor. Calculations ‘of the material above this 
elevation were made from camples obtained from diamond drilling, by dividing 
the area into sections 10) feet equare, determining an interpolated velue at 
@1l tne four corners of t.e respective squares from adjacent drill holes, and 
then using these four valiies to determine tiie vélue of the material.in tne 
block so formed, Each black hac a base of 100 feet equare and ‘was approxi- 
mately 185 feet high. Toe sum of these individual calculations indicated the 
quality and quantity of the material above the elevation referred to suitable 
for the at plant’. 

Similar calculations were continued to cover the denosit to & second and 
dower mining elevation; these. showed that @ mich larger tonnage. was. available 
‘in the next Tift to. be extracted of avproximately the same quaiity as indi- 
cated by the first set. of calculations and likewise suitable, for the manu- 


. 
’ 
eye as 


By this method of calculation it. as possible in the early stages of the 
engineering program to determine the. ‘value of any section to be mined. Thus 
if therco were eny possible change in the erade of material the first section to 
be mined’ could.be. selected of such a grade &B would orfer no possible chemical 
difficulties. Although it was anticipated before mining operations were begun 
that enough production could be obtained from'the first caving block to ful- 
fill the requiremeats of the cement plent at an economical cost, no previous | 
mining practices were available to’ prove | this, 7 , 


The calculations have checked closely so far, with the results obtained 
from samples taken according to. regular procedure from development drifts, 
raises, cut-off stopes surrounding the block, and from undercut stoping work 
at the bottom of the block - = all of which are used further to check the value 

of the actual ares mined. Sr 

. ‘Grab samples of development work . are unnecessary, as the demircation be- 
tween the hanging-wall or footwall materiels and the limestone is so clear 
that it is unnecessary ‘to determine other than by” ey.e the class, of material 
encountered. + 

In manufacturing cement a certain amount™ of olay" is required to blend 
the limestone to the prover composition. At Crestmore, as stated before, the 
hanging-wall and footvell. materials.are of ideal composition for this purpose. 
ipis condition allows utilization of material obtained from aire in the 
wall rock. é : : 


The limestone in the Stanley bed required more than 10 percent. hay mate- 
rial for blending to the correct composition for mamifacturing cement; and as 
the hanging well constitutes ideal clay material for this limestone, it was-: 
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reasonable to assume that until such time as the dilution from hanging-vwall 
caving exceeded the blending requirements, the admixture obtained from. normml 
operations would be an advantage rather than @ disadvantage. This condition 
would be different if the surrounding rock were valueless in the manufacturing 
process, which is generally the case in mineral ceposits. 


No considerable admixture of henging-wall material was expected, as the 
cubical fracture of tne crystalline limestone in this deposit would appear to 
prevent the formtion of funnels in the broken rock during extraction opera- 
tions. Mcreover, the irregular engular shapes of the broken fragments of 
limestone also would tend to prevent the infiltration of finely divided hang- 
ing-vell material unless the angle of repose of the finely divided material on 
these fragments is exceeded. It may: then descend if funneling occurs above & 
draw point. Nevertheless, the problem of dilution was initially serious be- 
cause of the possibility that the quantity of. dilution obtained with the pro-. 
duction might render the evereage Line content in.tue mine-run output too low — 
for manufacturing cement. : - is 


' METHCD OF DEVELOPMENT AND MINING 


Before any underground development was started a‘mining echeme had been ~ 
designed closely féllowing the methods. that had :proved successful in Arizona, 
and practices were adopted wuicn had proved satisfactory under conditions. 
similar to those that were believed to hold at this deposit. 


It was realized that-for economical results. an efficient transportation: | 
system with a capacity suited to the -norml requirements of the cement plant 
should be installed. ‘Such a system embraces efficient: methods for loading and 
unloading, and cars of correct design. Based on these requirements, a combi- 
nation of 1 locomotive and 14 five-ton care.wes proposed as a transportation 
unit. 

The mining scheme as developed (seé fig. 2) called for the haulage level 
to be located far enough bélow the actual points of extraction to permit 
pockets or raises of sufficient size to hold enough material to fill the 14 
cars of @ transportation unit from one loading point on tLe haulage level. 
This consideration placed the transportation system some 55 feet below the 
extraction limits of the-first section to be mined. The mining or extraction 
level was located 15 feet below the e:traction line and &® menway level for 
entrance to working places, ‘ventilation and handling of supplies Was driven 
approximately 100 feet below the surface. — | | : 


The ti.ree levela.referred to were so designed that they would serve the 
entire upper section of the deposit. which had been proved by diamond drilling, 
only such development being destroyed by tae completion of extraction opera 
tious as was directly applicable to that section. 


Diamond drilling bad ‘disclosed that the-deposit was waterlogged, with 
indications that the weter supply was ‘subterranean. Yurther investigation 
also suggested that there was no connection between the rater in the limestone _ 
and that in the surrounding territory. The fact that the limestone contained. * 
water had to be considered in @11 development schemes. A sump drift and pump- 
ing equipment were located far enough below the proposed mining operations to | 
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agai suffictent of the Reset. to end the: cae a ee ae vith 
mining eperations. The pum station was designed ‘to be accessible at all - 
times, irrespective of .the elevation of une tata aa liga cece and - 
future overations. aes a 3 


Ventilation facilities, together with the second entry required by Cali- 
fornia law, were designed as a unit and located in the: footwall. “These: were: - 
used in the early stages. of nha eee &s @ means of entry. te ‘the: ae drift.” 
BEAOTe the peeEeesy WES a hae 2 oe a oe sR: oe 

“a “It was decided to begin Seiad by eee a ate chart es tigi3)- 
@t a point chosen after considering: tiie inferences that could be drawn from. 
the sections and plans made in determining the character:and extent of: ede 
posit; the requirements of the proposed mining method; the physical conditions 
of the surface;.and tne relation of: the delivary pee of mined giectuen to | 
the cement plant. 


Sufficient of the material stirrdunding the déposit had been removed by 
Open-cut operations to allow the shaft to be placed far enough from the foot- 
wall-limestone contact at: tie surface that mining operations would: not- jeop- 
ardize any of the buildings and surface. equipment that was ape for: es: 
pursuance of the a a work, .. " 

emaess . : 

The axis of the main shaft was placed to allow plereveonent of an effin 
cient underground haulage system in the footwell of the deposit, so that the 
m@in hoisting skips would discharge into @ receiving bin.from whith : the! mete 
rial could be ecnvered ae to tne meh soxuehe ne eee 


a Main Shaft 


The proposed mining system, with such information as had been obtained 
from prospect. drilling in the lower portion of the deposit, indicated that one 
main hoisting shaft could econamically serve aire aad of the | 
cement plant for a number of VERT es =" a 


The shaft design was developed ‘to & conasanee all facilities for handling 
production, as. well as men and. supplies. The shaft,-concreted throughout its — 
entire length, has five compartments (see fig. 4). ‘Two compartments are used © 
by the limestone-hoisting skips:operating. in balance. One large compartment 
on the west side accommedaties the man-material elevator which is of the self-. 
leveling, full-—a@utcnmmtic type. A fourth compartment is used for & manway and 
contains the main air lines, steel ladders, end platforms mounted on precast... 
concrete beams. A fifth compartment conteins the main pump-dlsharge iacua 
from ‘the underground pump station. | ee 


This shaft was so located.as to allow for the iustallation df underground © 
storage pockets of ‘the haulage .system as designed and tnat: the material from 
the receiving bins could be drawn directly onto a conveyor belt to the extes- 
ing mill exuanine plant. ok ae | 
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Figure 3.—- SECTION THROUGH MAIN SHAFT. 
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a steel headframe was contemplated over ‘this shaft, in which machinery 
for operating the automatic elevator and a skip-dumping mechanism of modern 
design, would be installed.: — 


The shaft was sunk 11 feet 0 inches by 20 feet 3 inches outside measure- 
ment. Timbers 10 by 10 inches were used, spaced 5 feet from center to center 
until the more massive formations vere reached. Then the spacing was in- 
creased to 7-1/2 feet to reduce tre quantity of lu'ber used. Water was en- 
countered after the first 100 feet and was handled by portable pumps resting 
directly on the mck at the bottom of the snaft, the pumps being hoisted to 
the surface when blasting. as sinking progressed, excavations were made at 
the different levels to allow drifting to proceed before the cuaft was con- 
creted. 


As soon as the shaft had been sunk to the required depth the main sum 
drift was started tovard the limestone and kept well in advance of the devel- 
opment on tke upper levels, It wes deemed advisable to install the necessary 
pumping equipment to drain the water, knowm to exist in considerable quantity 
in the porpus limestone, before any intermediate levels passed through the 
footwall contact ints: the Finest one, 


The pumping equipment and the method of deceieouant of the sump drift 
were such that if an excessive quantity of water wes encountered during devel- 
opment it could be handled successfully without danger of drowning the pumps. 
The pumps were installed in a watertight concrete station roached by a manmy 
end small elevator from the mining level 63 feet above the floor of the pum 
station. The entry at this point was protected by the installation of a water- 
tight door which would allow flooding of the mine without water reaching the 
pumps. 


The pumping system proved entirely satisfactory, and the water in the i 
limestone vas lowered to an elevation a few feet @bove the sump drift. 


7 As goon as this was accomplished development was continued on all levels 
to allow installation of the underground equipment and tracks while the main 
shaft and loading pocket were being concreted. During this time little inx- 
terruption to underground work wes experienced, as it was possible to continue 
mechanioal, electrical, and other necessary work by entry tnrough the ventila- 
tion raise that nad been used as & part of the water development. | 

' The main shaft wes concreted from the bottom up, using light steel forms 
“dn which were provided locations for @1]1 necessary bolts, platform supports, 
guide attachments for both the skip and elevator compartments, pipe supports, 
and the precast concrete dividers used in the manway and pipe compartments - 
all of whick were standard in each section of form as erected. The shaft 
stations at the different levels were concreted before or after the shaft 
lining had meen completed, 8s found icouventent: 


The hoisting seaetaenee were sonseaved solia on @ll sides, the concrete 
cek bea Rais rapa Beye with cas a mores ee the guides to prevent 


sere 
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excessive pumping of air during hoisting. The purpose | of concreting the. 
hoisting compartments solid was to reduce possible damage to a minimun if an 
&ccident should occur to one of the nAina skips. 


As the meanway compartment. is adjacent to the larce compartment containing 
the elevator an emergency exit from the elevator was provided through. intern- 
@lly locked doors, reached either from the car Atself or from | an extension © 


Ve ladder on top of the car. —. it 


id 


‘Steel and concrete construction wag. used throughout, to make the readin 
shaft completely fireproof, ag it is an inteke-. ynit: in the ventilation systen. 
Stoel guides were used for all hoisting equipment; steel ledders and platforms 
were provided in the manwaye, together with steel power-cable and pipe sup- 
ports; and precast concrete cividers were used. between ths manvay and pipe 

_ compartments, serving. to rigidly connect the Hoisting compertments with the 
other sections of the shaft. ie . 


The installation of a full-eutomatic, self-leveling elevator ne tiig 
shaft, of sufficient size and capacity for handling all. men and material re- 
quired, is considered an innovation in mine equipment. Operations to dete 
have Justified this departure from erthodcx mining methods. 


As soon as the shaft was concreted erection of the steel headframe Was 
begun. In this structure, provision was made for the elevator equipment and 
@lso for sm@ll sheaves at a convenient height to allow development to proceed 
before the entire structure was complated; such sheaves were to be used later 
for shaft repairs or inspection, if necessury. | 


Completion of the pocket, tipple station, and loading equipment (see fig. 
4), with work on the other levels, wes pursued by using auxiliary equipment 
during the erection of the. headfreme and completion of the large. hoisting 
equipment, 


As the grenite at the pocket was found to be faulted the tipple station 
excavation and concreting wore completed first, being supported on massive 
concrete beams designed as a part’of the min shaft and the back.wall of the 
pocket. Excavation for the pocket was made. by working from the tipple station 
down, such-material as was obtained from work in the mine being. handled by an 
auxiliary slide at the top of the excavation. 


he loading equipment as Gosieaes: end installed is ‘considered novel. 
Such fine material as my. be lost during. loading operations is recovered fron 
& spill pocket below the skip-loading.. station, - the spilled. material aide 
noeees once or twico a merry: as. necegai ty pemubeee: oo 


* 
‘ Yr t “ 


“Haul e ‘Dprifte 
. Underground transportation facilities to some extent governed the size of 
the havlage drifts. It was considered feasible and economical to use 4 trol- 


ley aystem as & means of motive power, The use of this equipment wes consid- 
ered favorably because little supporting timber is required in the drifts, the 
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loading chutes are spaced 25 feet apart and can be provided with additional 
safety features if found necessary, and mining operations should not impair 
the safety clearances. 


The trolley-haulage system further ,overned the size of the haulage 
drifts, as the California law requires a trolley wire placed at the side of a 
drift to be at least 3 feet from the center line of the track and 7 feet above 
the rail. The size of the drifts, determined by these limitations, fitted in 
nicely with the haulage equipment vroposed. 


The trolley wire in each haulage drift is energized automatically by the 
entry of a transportation unit, providing an additional safety feature for men 
working in each drift on cperations other than production. 


The size of the haulage drifts is standard throughout, whether in the 
granite footweall or in the limestone. It has been unnecessary, except in 
faulted areas, to use supporting timber for any of the drifts. All haulage 
drifts are 9 feet wide by 10 feet high and are driven by @ standard method of 
excavation, The standard round used is illustrated in figure 5. These drifts 
thus have ample clearance for safe cperation of all haulage equipment. 


iining Drifts 


Smaller drifts are driven on the mining and manway levels, varying in 
size according to their use. Permanent drifts serving an entire level and 
driven in the footwell are approximately 5 feet wide by 7 feet high, allowing 
ample room for pipe lines and equipment for mining. Drifts directly pertain- 
ing to an individual section, for drawing operations, are driven somevhat 
emaller in an endeavor to minimize damage oe extraction operations. 


As a general rule, it is unnecessery to use tinber at the points of ex- 
traction; but if tae ground is friable at any point, timber may be required 
for maintaining the size of the extraction opening. Recent development has 
proved that tl.e use of concrete in place of timber has materially reduced 
mintenance costs in connection rith drawing operations. 


Raises 


In the early stages cf mine development it was desired to drive raises 
approximately 4 feet square, which was found to be difficult as the tough na- 
ture of tie zround necessitated correctly spaced cut—holes in all blasting 
operations. The size of the raises was consequently enlarged to allow for 
proper Cut nore to be drilled with the class of m-chines used for this nor 


oe Stora,; @ raises between the fauase and mining levels are driven by egies 
stulls for temporary platform supports for drilling. Manway raises for stop- 
ing operations and transfer raises in excess of 3 feet can be driven more 
economically by dividing the raise into two compartments and drilling off the 
broken muck in the rock compartment. The use of two compartments also affords 
an added safety factor in this work. Ce a 
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Limestone has been recovered by jaeeersnt Saas. eens methods: of. atnbad 
in many parts of. the. ee but, 88 env ioned ener it had not been mined 
a ae a. eCeNans, method.,. 


The caving method ‘described herein te an danpration in tne manne of lime- 
stone, although, it has been used for some time in mining copper and atitetr metal- 
lic ores. The caving systems employed all follow more or less the same generel 
- method,: with modifications to srit the nature of the particular deposit being 
“mined, Such methods, in nost canes, were developed in zround apparently more 
suitable for caving method than this limestone deposit. However, surface in- 
dications snowed that the limestone was fissured to some extent by minute 
watercourses. and diamond drilling proved that these water fissures also ex- 
isted at a considerable depth. The limestone, although hard, is brittle and 
badly. broken by displacement. these facts indicated that if a section could 
- be separated succesfully from the surrounding hie os limestone. should 
cave wita satisfactory results. 


The underground scheme laid out tor the’ stanley fecesit was patterned 
after the caving methods used at certain copper deposits in Arizona, with mod- 
ifications considered advisatle to adapt. them to this particular deposit. The 
scheme divided the bed into panels 200 feet in @ north and south direction and 
the width of the deposit in €n east and west direction; such panels were again 
_. divided into blocks requiring, as near as it was possible to estimate, an'- 

: equal amount . of development work for each blceck, : aes 

"The. method of mining WaB to separate each: block from the sataoent materi- 
al by the necessary number of shrinkage cut-off stopes and then undermine the 
. bottom of each block by a series of small undercut stopes and pillare. In 
gene: ral, this scueme was similar to the so-called "Sub-level, undercut caving" 
methodY used by the Nevada Consolidated Copper Corporation at ray, Ariz., with 
modificaticns to suit the size of the block mined and the clase of material. 


Other methods of mining hed been studied out were éouuideved not. so desir- 
able as the method finally adopted and used since underground operations were 
begun. The method adopted las been subjected to minor modifications as the 
‘Work progressed, &@ll tending to increase the efficiency of operations pursued 
. during the ects? breaking procoss and &180 to improve: wae exeracrne ae ere 
mone. : | . : 

. The. first block of limestone to be mined was —— by four. eieasa hd 3 2 
drifts on 50-foot centers (see fig. 6) with loading chutes spaced every 25 
_ feet and extending throughout the mineble area in an east and west direction. 
.~ These haulage drifts were driven well in advance of ‘the mining level. develop- 
ment 40 fest above, so. that disposal of the material from the Enero emer 
| iia could be handled by gravity. 


3 mone Robert Y. , Mining Practices at Ray Wines; Nevada Consolidated Mining 
Co.; Inf. Circ, 6167, bureau of Mines, 1929, 27 pp. 
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The mining-level drifts running north and south, or at right angles to 
the haulage drifts below, ara spaced 25 feet apart, with raises driven every 
25 feet connecting with the loading chutes below. These raises are alternate- 
ly driven vertical and inclined, thus staggering the draw points on the mining 
level in adjacent drifts.. 


As soon as drifting secpullicinndih on the mining level allowed, previously 
driven manway raises were completed in the stope positions’ to connect with the 
manway level 100 feet above. Before shrinkage stoping vas begun at this ele-- 
vation, other previously driven manvway raises were connected with the surface 
or to & small level at the 900~-foot elevation to furnish entry and ventilation 
to each shrinkage stope. The upper half of the cut-off stope was mined first, 
allowing a pillar to remain at the elevation of the meanwey level to prevent 
the block of limestone caving as a unit upon completion of undercutting opera- 
tions. 


The first block was mined by the @bove method with satisfactory results; 
but in mining subsequent blocks, the method nas been modified to some extent 
(see fig. 7). It was found unnecessary to work the cut-off stopes in two 
lifts, because enough’ limestone broke away from the bottom of the mass as 
undercutting ‘progressed to fill the undercut area and prevent the block from 
caving as a unit. Ase a result of work to date, it has been found that cut-off 
stopes should only_be driven wide enough to allow for efficient use of the 
explosive required: t6 obtain an economical vertical advance. 


Undercutting nas been developed from a system of undercut stopes and pil~ 
lars to & roomand-pillar system (see fig. 8) in which swell pillars are left 
in the undercut areas betveen the drifts to be reduced in size and blasted out 
7 as the undercutting progresses. 


a ‘The mining ‘that has been described is ee with pajies drills of a type 
* ‘comnunly employed in large tunnel work. Mounted jackbammers with adjustable 
- shells are used for drifting in small tunnels and self-rotating jackstopers in 
the cut-off and undercutting operations. 
Special explosives have been developed, which are more suitable for the 
rock being mined than grades in general use. The use of these special explo- 
sives and that of concrete in place of timber represent deviations from stand- 
ard mining, ‘procedure. — | Ss 
. It has been found that the iinostone respends readily to this method of 
mining, breaking well upon the use of properly designed rounds in drifting and 
“réising, sirinking uniformly throughout the entire lengta of the cut-off :::: 


_ , Stopes whether driven vertically’ or inclined, and caving according to expec 


wevions. 7 


oe. ‘considerable part of the production is obtained from large material 
that descends during drawing operations. This larsze material requires no more 
drilling and blasting to reduce it to the required size than tue material of 
intermediate size wiichmst all be blockholed. A reas explosive used 
in this operation assists in ‘Keeping this cost at.a as ie vfs 
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DRG ROUND HAULAGE 
cee padding Chutes 


Material is loaded from tne storage raises into the care from chutes on 
25-foot centers. This pe etance was determined by the mining method rather 
than ‘by the over-all lenzth of ‘the cars, because the trains are operated by a 
crew of two men vith only one man available for loading. “In more recent do- 


' velopment, chutes are placed at 20-foot centers, which will @llow for addi- 


tional ‘loeding, if required, without movenent of the haulace unit. 


"The chutes cn the haulage level,’ are built. on. 10- by. 10-inch timbere: 
placed in hitches and spanning the drift (see fig. 9). In general, the ground 
is mssive enough so that posts under the stringers are not required. The 
chutes are doublo-sided and built of timber throughout, using 2 by 10-inch 
_ and & by 10-inch wooden gates for controlling the drawing. This type of 
' loading chute is. satisfactory for handling tne. sharp material obtained ‘in the 
mine product, A steel arc-rate type of.chute has been. contemplated, ‘but the 
strength required to prevent damea,7 © and to maintain it in opereting condition, 
together with the =irst cost.of the Serna, ameinrs to offset any pron- 


_ ised acvantage. 


"ey 2° 


The drawing chutes on tie Laulage evel. are the enig chutes tigea under- 
ground, control of tne active stoping material being reguleted by snert & by 
10-inch planks placed. on the grizzlies themselves. ‘he elimination of other 


~ Chutes has assisted mtorially in the seeneans resul te obtained in stoping 
. Operations, © 2 2 0 7 -* be fa 


Electric-trolley haulere is used for transporting material from the load- 
ing chutes to.the rotary tipple at the shaft. Hand tramming ie only resorted 
to in development headings on the upper levels which are not directly access- 
ible to transfer raises. No mechanical. loaders ar scrapers are used in con- 
nection with the mining method or transportaviopn of material; neither have 
these machines been considered advantageous in connection with development 
work underground. 7 


Cars 


Production requirements from underground and the economic results de- 
sired governed to a great extent the cesign of the transportation erUs pment 
Observations. before underground mining indicated that limestone could be.. 
‘destructive to transportation equipment unless the latter was carefully; dee 
eigned, correctly constructed, and properly maintained. It. was considered: 
that the mobile equipment suouid contain a minimum number of parts subject to 
repair and roplacement. The design of the cars included automatic, rotary 
couplers, thus obviating uncoupling cars during dumping and eliminating an 
_&ctident hazard in this operation. A transportation unit of 1 locomotive and 

44 cars, by this design, remains intact during production operations. 


.3 The cars are constracted of carbon-steel platce mounted on heat-treated 
axles provided with external, spring-mounted, journal boxes. The wheels are 


fitted with roller bearings. The cars nave rotary-swing and swivel spring- 
mountec draft gear and bottoms of sandwich-typo construction. 
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Locomotives 


Six-ton electric-trolley locomotives with semimagnetic type of control, 
with two 30-hp. ball-be@ring motors mounted between the frames and provided 
with special drawheads and couplers to connect the rotary coupler to the cars, 
&re used for motive power, These locomotives are wired for series—parallel 
control and equipped with & protective device in case of accident to the motor- 
man. An automobile-type horn is used on these machines for signaling. 


Rotary Tipple 


An electrically driven rotary car dumper of two-car capacity is located 
at the main shaft (see figs. 4 and 10) directly above the storage pocket. 
This equipment is provided with roller bearings throughout and revolves 
through 360° for a complete cycle of operation. It is equipped with clutch 
and brake mechanisms that allow the dumper to be stopped at any position in 
its rotation, thus allowing the large rocks to roll out of the cars onto the 
exposed portion of the grizzly, which is located immediately below the dump- 
ing mechanism. This grizzly removes material too largefor the flow stream 
beyond this point. Oversize rocks are thus left in @ convenient place for fu- 
ture handling. 


Track 


Single-track operation is provided throughout the major part of the haul- 
age system. In the main haulage drift 45-pound rails with manganese-steel 
frogs are used, with 35—-pound rails in the extraction sections. The transpor- 
tation units of 1 locomotive and 14 cars are pulled from an extraction section, 
pushed on level track through the tipple without uncoupling, and returned to 
the drawing sections by a return drift which also connects with the man-mte- 
rial elevator. An annunciator system, with a simplified system of traffic 
et 1s provided to assist operations on this level. 


SKIP-LOADING DEVICES 


The rotary car dumper is located over a 2oQ-ton storage pocket designed 
to have 100 percent capacity. This pocket is excavated from the solid rock 
on the. south side of the main shaft. In the bottom of the pocket are two open- 
ings. from which the material is dram by two. electrically operated rotary drum 
feeders into the me@suring hoppers. The two openings are lined with manganese 
steel on all four sides and provided with an adjustable side adjacent to the 
shaft, the action of which increases the area of the opening to facilitate 
breaking down any arching that may occur from boulders of excessive length 
meeting in these openings. The flow of material over the drum feeders is regu- 
lated by two electrically operated arc gates provided with heavy swinging ham- 
mers on their lower edge, thus allowing the passage of irregularly shaped m- 
terial in the stream of rock as the drum feeder is operated. The measuring 
hoppers, which are below the loading-station floor, are designed to discharge 
directly into the hoisting skips and are in an: pigleriacs tee eee to pro- 
vide aceonae for repairs and ne eee 
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The material in the measuring hoppers ‘is discharged into the skips 
through @ combined gravity-airvelectric- operated, 'flapper-type gate Lung in a 
vertical positicn. The pate is Icio ral Coes ee wa he bottom of stean- 
snovel dippers. : ee ‘ge ee ee | 

All surfaces on this coutpuent: oubjeot-to" wear: ‘from. the botton of. the 
an thickness of timber weereen tho manganeso liners and the structarel- 
steel frame to prevent disturtion:of ‘tha‘latter by the constant hammering fron 
large | Heveraoe obtained in PBA Se 

LA. Be Se hE ee ais oo ee 

‘The excavations at the: bottom of the potket ,“1éading Setabiag) ana room 
for the measuring hoppers are : ‘concreted: and ‘have: idee ‘BDACE for: helices 
ity’at‘ell times. oe 
: The loading station is dtvectiy @ ‘acoesat bie —. he ‘elevates’ ‘and “4 pro- 
vided with labor~saving equipment ‘for ‘handling material in case of replace-: 
ments. The chute lip in tie’ shaft ¥s8 reached: by & ladder from:the loading - 
station; all‘connect with the manvey’in the min shaft,’ A-ventilation fan, 
described later, assists materially in preventing a dust nuisance: commonly 
found at these points in mining. 


| Material that. leaks by tae gata in the aeaieusinestevoee pockets or pest 
| the skips during Yoading operations is deflected frité auxiliary spill ‘pockets 
by “mingirese-1 ined’ ‘gtructurel-etecl doors directly below the skips: These. 
‘doors are, controlléd by. ‘air-operated cylinders placed’ Velow the doors them 

' sélves. Wher: closed, these’ doors @llow the skips to “descend as often as re- 
quired for removal: Of this” spill. Special means are provided ' at the ‘spill . 
loading: ste.tion’ ‘fot “handd ing this material in 1-ton mine cars on the man-mat e- 
rial elevator to points: ‘6f- disposal, in case a condition oer es prevents 
the min skips from Operating Et this point. ~— 


All of the different parts™ ‘of ‘the eqiipmert in this installetion are elec- 
trically interlocked | bo aoe errore in 3 daha | 


BOT STING QUIPMENT 


The limestone is nedataa. from the main: shaft by: a ‘dotibi elarun sleetete’ 
hoist large enough to lift ‘from three extraction levéls, if necessary ,~mintain- 
ing the same production from any level by a change ‘tn “the size of the motor 
only and @ consequent change in rope speed. ~The: ‘drums are 7 feet in diameter, 
with 5-foot faces grooved for a 1 1/4~inch rope. ‘Both drums are’loose on the 
main shaft and provided with ofl-operated brakes and friction clutches of the 
) axial-plate type. The hoisting speed frem the present: loading station is 600 
feet per mimute. All hoisting is~ done in ‘balance’ and eonsEey ted: ny bag eer 
tor on the hoist platform in the: ‘Holst house. Pioce | 
When hoisting from the predeil Station and handing coer aloe: jioand: 
tion, 60 skiploads or 300 tons péx hour can be raised. * “However; when: handling 
clay material, which is generally finer than the normal mine run, 400 tons per 
hour have been hoisted on several occasions, oo 
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The hoisting equipment on the surface is noused in @ steel and corrugated 
tron building, which also accommodates the motor-generator set for the under- 
ground haulage equipment and two 3,000-cubic foot air a This build- 
ing is provided with an eyeruene traveling crana., 


The 120-cubic foot Kollatine! skips used in the main shaft hold a normal 
load of 5 tons, which is regulated by tie size and design of the measuring 
hoppers. Hovever, enough room is available in the skips for a slight overload 
if the same siould occur. Tne skips are lined throughout with manganese steel 
mounted on wooden backing, with & special deflector plate on the top of the 
bail to prevent excessive hamiering of large boulders on the side of the skip 
when in loading position. Roller-bearing trunnions are provided on the skips 
Which are interchanzeable rith the stationary dum trunnions in the headframe. 
The dumping horns on these skips are laminated and provided with cast-steel, 
interchangeable, wearing surfaces. A minimum amount of clearance is allowed 
in the main shaft to provent serious damage to the shaft or a a if ab- 
normal conditions arise. 


The headframe is of steel throughout and is equipped with minganese-:*.... .. 
lined, 8~-foot-diameter, plate-type head sheaves mounted on roller bearings in 
the hub of the whoels. 


Equipment for Handling Men and Supplies 


Allimen and material are handled by an automatic, self-liveling, traction- 
type elevator in the large compartment on the west side of the min shaft. — 
The machinery for this elevator is mounted in the headframe itself at a suffi- 
cient height to allow the car to proceed above the collar of the shaft far 
enough for kandling material of czcess length. The platform of the elevator 
is large enough to: handle the cars used for the haulage equipment. The loco- 
motives, which are:l? feet 2 inches over-all without couplers, are lowered. in- 
to the mine by suspending them below the bottom of the elevator, They are 
handled to this position by crane beams provided in the construction of the 
headframe. 


Special doors, which are mechanically and electrically interlocked, are 
provided for all landings served by this automatic elevator. When tne car is 
at rost at any landing, it unlocks the doors at that particular landing only. 
The doors are also interlocked with the controlequipment, Prewenvene movement | 
of the car unless all doors are closed and locked. 


MINE DRAINAGE 


The sx@ll amount of water made in normal mining is handled where conve. 
nient by auxiliary pumps on the different levels, «> by draining to the sump 
at the bottom of the main shaft. There, 2 air-~operated pumps are provided, 

l of the station type and 1 of the sinker type, the latter being moveable if 
excessive vater floods the sump at the bottom.of tae shaft, Water entering 
the limestone at the elevation of the sump drift is handled by electric pumps 
operating avtomatically. This water is excellent Loth as to chemical and 
aa eencen and is eed for industrial Purposes ‘aroughout | the. — 
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= | _. PERCINTAGE EXTRACTION 


atte fo date (1982),, no drawing ‘section underground has been completely mined, 
and therefore it is too early to expr ego any opinion as to what percentage ex- 
traction of the limestone will te obtzined. ‘However, as it is necéssary to — 
include at least 10 vercert of "clay" material to blend the limestone for 
menufacturing cement, tiere is every likelihood that extraction results will 
more. than mect expectations. Records of production. obtained to date indicate 
that. & -somevhat greater percentage ef cleen material has been dram from the 
first, Dlock to be caved than is usual in this ‘Class. of mining. | 
oe “difference exists detreen the eipine of- ‘metallic ores and the extrac- 
tion of. material for manyfacturing cement by the method under discussion. In 
most: metal deposits mined by @ caving mothod, &11 material may be included and 
extracted down to @ point where the mrgin of profit ceases to exist. How- 
ever, in manufacturing cement the limestone content mst de of @ certain value 
to allow the material to be used. If the mterial produced | from a given sec- 
tion of the mine falls below the required céleiimcarbonete content it can be 
used orly by the addition of cloan limestone. Up to the present no material 
has been wasted or discarded from,underzsround operations. .— . Se 


Judging from the work done to date it appears that each individual mining 
block has an economic rate of production beyonc which an increase in drewing 
costs is marked. It also appears that this production can be more easily and 
See obtained a uniform piesa NG over the total area available, 


LABOR 


‘No magnteeee (Or - ‘bonus systems are in ‘operation at present (1932). Good 
results are obtained by operating labor on routine work with fixed standards 
of accomlishment; sia in ae unit labor costs are eee rey and 
ae | ‘ 


VENTILATION 


. -mprovements made in-underground mining. include adequate ventilation in 
a11 working places. -- ‘The.. necessity of mintaining good ventilation when lime- 
stone is mined is. Apparent, as the broken material readily absorbs and retains 
noxious gases from blasting. Ta meet tunis condition and mintain good venti- 
lation @ 33,000-cubic foot fan was placed'on the surface over the top of the 
min ventilation raise connecting with all underground levels and exhausting 
from the mine, Intake air is obtained.from the main shaft downcasting and 
from air entering Hescues the ceved ercunes waiich is Doron: 


the mine devel opinnt parma: ‘to gate has provided a an ideal ventilation 
system without necessity of additional drifts or raises, as it has been found 
possible. to incorporate in the development scheme all tue ventilation features 
required for any part of the mine.so far developed. The air is teken from the 
West side of the mine to, the eaat, returning through the manway raises ad- 
jacent to the hanzing wall to the upper levels, where it goes directly to the 
main yentilation raise and fan,. Seasonal conditions affect underground venti-. 
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lation to some extent on account of the slight difference in elevation between 
the min points of intake and the main fan- compared with the points of entry 
in the caved areas, To prevent this occurring in the remote mine workings 
auxiliary propeller-type fans are used, rainly to control the direction of the 
&ir rather than actually to create additionel ventilation. 


A smell fan is placed at the tipple station to help miintein the min 
shaft as an intake. It. provides efficient ventilation at the loading equip~ 
ment at the pocket and assists in increasing the amomnt of air passing through 
the tipple station, thus preventin: a dusty condition at that point. 


As. only a relatively smll footage of the drifts used for ventilation 
are timbered the fire hazard is snfll; therefore, it is satisfactory to use 
_wooden ventilation doors, mounted in wooden fremes built in rutble-msonry 

walls. The rubble is.composed. of limestone or grenite, according to accessi- 
bility. The manner. of installation is such thet the correct mine ventilation 
would not be eee if ae fire sould reach an underground 
EP ere 


FIRE HAZARDS 


The seiupanse of a . fire ‘hazard in the snieeaoand workings is considerod 
remote. However, its. possibility has been given due consideration, and ea 
main points of entry haye.. been concreted- and manway raises equipped with : 
wooden stéirs protected by sprinkler systems. Considerable concrete ee 
in place of timber aa. the mine vorkings, ‘reducing the quantity of timber under- 
“ground. ; 

“The ude eseoaed water system is so laid out and interconnected as ta vre- 
vent loss of water. at any remote location due to line failure in any section. 
Ample pressure is maintained for fire fighting if necessary. 


The underground powder magazine is of concrete and steel construction 
throughout, concrete bins being provided for any explosive opened during the 
operating shift. This magazine is Pee with fire extinguishers and water 
hose coupled for inmediate use. | 


A fully sae pped mine rescue-station is maintained. 
SAFETY METHODS AND FIRST AID 


Since mining operations rere begun, ‘accident prevention has been 9 mjor 
point of consideration, and @l1 men employed ‘underground have been made to 
understand tuiat the provention of accidents is important. Supervisory person- 
nel is especially instzucted that preventing accidents is part of their duties. 
With the system in: force, the necessity and expense of special employes for 
this purpose have. been eliminated, with results that appear to be an improve- 
ment over vhat hes hitherto been ‘considered standard practice. 


All men working underground are equipped with goggles. safety nats, and 
safety snves, the latter being found more advantageous than other auxiliary 
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means of foot . protection... as -amall bonus igs paid e@ch man if the division in 
which he is employed. cperateg. &@ full month without any lost-~time accidents. 
All men in charge cf. labor carry first~oid kits when proceeding to work. 

These kits are stored in accessible locations during the shift. Enough of 
these kits are underground at all times to avoid the necessity of men proceed- 
ing to first-aid lockers to receiye dressings. An ample mumber of men‘in all 
perts of the mine are trained in first-eid work. A well-equipped first-aid 
station is also miintained on the surface, with additional material, supplies, 
and resuscitation equipment. Eoapital facilities are conveniently located and 
@re reached by rapid ambulance sarvice available at et times. The ambulance 
is accompanied by. a. doctor. when. necessary . : se TP og? ee 


ORGANI ZATI on 


In adapting this system of mining, heretofore used only by large produc- 
ers, to the more limited capacity described in this paper, it was necessary to 
build an organization with a minimum persomel not directly connocted with 
production. This organization was built to function as a complete unit rether 
than as indivia.al units operating under separate departmental control. All 
operations at the censnt plant are under the supervision of a general superin- 
tendent. The mine organizaticn is responsible to him for maintaining the re- 
quired production for. the mill, A mine superintendent, who has an essistant 
capable of caring for detail, work, is directly. responsible for the mining op- 
eration. All underground work is under the supervision of a mine foreman. 
Further divisions into departments are not made, as. &ll personnal below this 
point actually performs part of the daily work necesséry for maintaining pro- 
duction. Although the organization appears smell, couplete engineering, cler- 
ical, and cost records are maintained; only the accounting reports necessary 
for mining operations are compiled at the head office of the company. This 
organization has functioned: long enough to have proved adequate for the scale 
of operations conducted. 


, 


- MEIN casts. 


“the method of ebat oe adcpted was ee that after the mine. had 
progressed beyond the development period and reached the flexibility of opere- 
tions required for. maintaining a uniform production, cost figures would.be - 
available that were eopatern aye ONDE ane ee pursuing similar 
methods. ee ae 


The development work was commenced in such time that the mine would be on | 
.& producing basis in approximately. 2 1/2 years. However, as additional devel- 
Opment was continued up and through 1931 to increase the broken-rock. reserves, 
expenditures during 1931 were slightly higher than would be required for: :nor- 
ml operetions. The figures for 1931 therefcre would not represent: average 

production costs. This is shown by the following table covering the percent- 
age of material produced, by the various classes of underground operetions. 
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Percentage of total production 


Since. Estimated 
inception 1931 normal 
Development 16.62 8.88 2.17 
Mining 19.91 15.16 —6-B.84 
Production 63.47 70.96 88.99 
Total os 100.00 © 130.00 100.00 


’ Representative statistics of the mining operations will be available only 
when market conditions allow production to approach the estimated normal re- 
quirements of the cement plant. . 


Such underground costs as have been established by direct operations are 
included in toe following tabulations. 


The following table snows the cost of drifting, raising, and timbering in 
connection with the development of 1,258,379 tons, and the cost of cut-off 


stoping, undercutting, raising, and extraction during active mining of 
1,775,696 tons. 


Cost per ton of development and active mining 


Cost per ton Labor Timber Explosives Power and Total 
| Miscellaneous 


Development  $0.0374  $0.0062  $0.0165 $0.0044  $0.0645 
Active mining 0706 0051 0400 -O110 21267 
The following table shows norm®@l production costs, based upon operations 


during 1931, and is considered to be fairly representative of results obtain- 
&@ble by this method of underground operations. 


Production costs per ton hoisted 


Labor Timber Explosives Power and Total 


tiiscellaneous 
Drawing $0.0939 $0.0081 $0.0269 $0.0054 $0.1343 
Haulage and hoisting 0392 0002 0004 000 0458 
General undergrcund expense 0254 -0004 -- 0032 .0350 
General mine expense 0176 -~ -- 0023 .0199 
Totals 1761 .0087 0273 0229 2800 
Hanging—wall rock -~ -- -- -- 0132 
Total -- -- -- -- 2482 


In the preceding costs, general underground expense covers expenditures 
in connection with mine supervision, mine illuminants, man hoist, change 
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house, ventilation, mine tools, and: mine, drainage; and general mine expense 
covers expenditures for the mine officsa, warehouse, engineering, framing shed, 
and general supervision pertaining directly to underground operations. 


The following table for 1932 shows production costs more closely approach- 
ing norm] conditions than those covering the early stages of oncratioa. 


Summary of costs in unite of labor and supplies 


Year Tons per nman-shift | Pounds of explosives Board feet Kilowatt- 
Mining All employees. ....: per ton Of lumber = hours per 
1932 17.3391 15,8970 0.5187 "9.7509 4,3407 
re ae i 
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